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57 ABSTRACT

The present invention provides a differential signal offset
adjustment circuit, wherein first and second transistors are
respectively coupled between a power supply line and a first
current source, and between the power supply line and a
second current source. First and second resistors are respec-
tively coupled between the first transistor and a first variable
current source, and between the second transistor and a
second variable current source. Third and fourth transistors
are respectively coupled between a third resistor and a third
current source, and between a fourth resistor and a fourth
current source, and have input terminals respectively
coupled to the first and second resistors. Fifth and sixth
transistors are respectively coupled between the power sup-
ply line and a fifth current source, and between the power
supply line and a sixth current source, and have input
terminals respectively coupled to the third and fourth tran-
sistors. A fifth resistor is coupled between the third and

CPC oo HO3F 3/4508; HO3F 2200/375; HO3F  fourth current sources.
2203/45612; HO3F 3/45098; HO3F 3/456;
HO3F 3/45973; HO3F 2203/45212; HO3F
3/45475 20 Claims, 5 Drawing Sheets
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1
DIFFERENTIAL SIGNAL OFFSET
ADJUSTMENT CIRCUIT AND
DIFFERENTIAL SYSTEM

CROSS REFERENCE

THE present invention claims priority to TW109101128,
filed on Jan. 14, 2020.

BACKGROUND OF THE INVENTION
Field of Invention

The present invention relates to a differential circuit, and
particularly relates to a differential signal offset adjustment
circuit.

Description of Related Art

Differential amplifiers are applied to many purposes. The
differential amplifier is usually utilized in an operational
amplifier, and the operational amplifier is often utilized in
electronic products. For example, the differential amplifier
can read the stored data from the memory array. The
differential amplifier can also be applied to the analog
portion of electronic products.

The offset of the differential amplifier affects the perfor-
mance of the differential amplifier. The offset of the differ-
ential amplifier, is an error caused by the difference in the
physical design or manufacturing process of the differential
amplifier. For example, the threshold of the components in
the circuit, the mismatch of component size, etc., may cause
the offset errors.

Therefore, in order to prevent the offset from affecting the
normal operation of the circuit, a circuit that can adjust the
offset of the differential signal is required.

SUMMARY OF THE INVENTION

In view of the above, the present invention provides a
differential signal offset adjustment circuit. Therein, a first
transistor is coupled between a power supply line and a first
current source, and the first transistor has an input terminal
for receiving a first input signal. A second transistor is
coupled between the power supply line and a second current
source, and the second transistor has an input terminal for
receiving a second input signal, wherein the first signal and
the second signal are complementary. A first resistor is
coupled between the first transistor and a first variable
current source. A second resistor is coupled between the
second transistor and a second variable current source. A
third resistor is coupled between the power supply line and
a third current source. A fourth resistor is coupled between
the power supply line and a fourth current source. A third
transistor is coupled between the third resistor and the third
current source, and the third transistor has an input terminal
coupled to the first resistor and the first variable current
source. A fourth transistor is coupled between the fourth
resistor and the fourth current source, and the fourth tran-
sistor has an input terminal coupled to the second resistor
and the second variable current source. A fifth transistor is
coupled between the power supply line and a fifth current
source to provide a first output signal, and the fifth transistor
has an input terminal coupled to the third resistor and the
third transistor. A sixth transistor is coupled between the
power supply line and a sixth current source to provide a
second output signal, and the sixth transistor has an input
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terminal coupled to the fourth resistor and the fourth tran-
sistor. At least one fifth resistor is coupled between the third
current source and the fourth current source.

In one embodiment, the first current source and the second
current source provide the same current values, the third
current source and the fourth current source provide the
same current values, and the fifth current source and the
sixth current source provide the same current values.

Furthermore, the present invention provides a differential
system, which includes a differential amplifier, a differential
signal offset adjustment circuit, and a control circuit. The
differential amplifier generates a second differential signal
pair according to a first differential signal pair. The differ-
ential signal offset adjustment circuit generates a third
differential signal pair according to the second differential
signal pair, wherein the differential signal offset adjustment
circuit includes a first variable current source and a second
variable current source. The control circuit detects a cross
point of the third differential signal, and provides a first
control signal and a second control signal according to the
detected cross point, to the differential signal offset adjust-
ment circuit for adjustment the cross point of the third
differential signal pair. The first variable current source
provides a first variable current according to the first control
signal, and the second variable current source provides a
second variable current according to the second control
signal.

The objectives, technical details, features, and effects of
the present invention will be better understood with regard
to the detailed description of the embodiments below, with
reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a differential system according to several
embodiments of the present invention.

FIG. 2 shows a differential signal offset adjustment circuit
according to several embodiments of the present invention.

FIGS. 3A-3E show the eye diagrams of the output signals
V3+ and V3- of the differential signal offset adjustment
circuit according to several embodiments of the present
invention.

FIG. 4 shows a differential signal offset adjustment circuit
according to several embodiments of the present invention

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

According to the above and other objects, features, and
benefits of the present invention, the following preferred
embodiments, combined with the accompanying drawings,
and detailed descriptions are as follows.

FIG. 1 shows a differential system 100 according to the
present invention. The differential system 100 includes a
differential amplifier 10, a differential signal offset adjust-
ment circuit 20, a bandgap circuit 30, and a control circuit
40. The differential amplifier 10 can receive a first pair of
differential signals 110 (hereinafter referred to as a first
differential signal pair) composed of signals V1+ and V1-,
and generates a second pair of differential signals 120
(hereinafter referred to as a second differential signal pair)
composed of signals V2+ and V2-. Generally, the differen-
tial signal includes two signals have the same amplitudes
and opposite phases; that is, the two complementary signals.
Therefore, the signal V1+ and the signal V1- have the same
amplitudes and opposite phases, and the signal V2+ and the
signal V2- have the same amplitudes and opposite phases.
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In several embodiments, the signal V2+ and the signal V1-
have the same phase, and the signal V2- and the signal V1+
have the same phase. The differential signal offset adjust-
ment circuit 20 can receive the second differential signal pair
120, to generate a third pair of differential signals 130
(hereinafter referred to as a third differential signal pair)
composed of signals V3+ and V3-. The differential signal
offset adjustment circuit 20 adjusts a cross point of the
signals V3+ and V3-, according to a control signal Ctrl_p
and a control signal Ctrl_n from the control circuit 40; that
is, the offset therein. For example, when the control circuit
40 detects that the cross point of the signal V3+ and the
signal V3- is lower than a predetermined value, it can
provide control signals Ctrl_p and Ctrl_n to the differential
signal offset adjustment circuit 20, to raise the cross point to
the predetermined value. In several embodiments, the cross
point of the signal V3+ and the signal V3- can be configured
to be a threshold voltage. In addition, the bandgap circuit 30
can provide a bias current Ibias to the differential signal
offset adjustment circuit 20. Generally, the bandgap circuit
30 is applied to generate an accurate reference voltage or
reference current. The reference voltage or the reference
current generated by the bandgap circuit 30 is not affected by
the process, power supply and temperature changes, so that
problems caused by corner effects can be avoided.

FIG. 2 shows a differential signal offset adjustment circuit
20 according to the present invention. The differential signal
offset adjustment circuit 20 includes a cross point control
portion P1, an amplifier portion P2, and a buffer portion P3.
The cross point control portion P1 includes transistors Q1
and Q2, resistors R1 and R2, current sources 11 and 12, and
variable current sources XI1 and XI2. The amplifier portion
P2 includes transistors Q3 and Q4, resistors R3, R4, R5, R6,
and current sources 13 and 14. The buffer portion P3 includes
transistors Q5 and Q6 and current sources I5 and 16. In FIG.
2, the transistors Q1-Q6 are, for example, NPN bipolar
transistors (BJT). In other embodiments, the transistors
Q1-Q6 can be metal oxide semiconductor field effect tran-
sistors (MOSFET) or other types of field effect transistors.
In several embodiments, the currents provided by the current
sources [1-16 and the variable current sources XI1 and XI2
are generated by mirroring a bias current Ibias, for example,
by the current mirror portion P4. As mentioned therebefore,
the bias current Ibias provided by the bandgap circuit 30
cannot be affected by process, power supply, and tempera-
ture changes. In addition, in the integrated circuit, generat-
ing an electric current by the current mirroring technique is
a known technique, and it is not detailed herein. The
resistors R1-R6 and the resistor(s) in the bandgap circuit 30
are formed of the same materials. In several embodiments,
the resistors R1-R6 are substantially formed of polysilicon.

In the cross point control portion P1, the transistor Q1 is
coupled between the power supply line VCC and the current
source 11, and the transistor Q2 is coupled between the
power supply line VCC and the current source 12. The
transistor Q1 and the transistor Q2 have the same dimension
and matching layouts. The current source I1 is coupled
between the transistor Q1 and the power supply line VEE,
and the current source 12 is coupled to the transistor Q2 and
the power supply line between VEE. The power supply line
VCC is configured to provide a high-level voltage, and the
power supply line VEE is configured to provide a low-level
voltage. In several embodiments, the power supply line VEE
may be ground (GND). In several embodiments, the current
source I1 and the current source 12 can respectively draw
currents with the same current values from the transistor Q1
and the transistor Q2. The base of the transistor Q1 is
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coupled to an input terminal IN+ to receive the signal V2+
from the differential amplifier 10 in FIG. 1. The base of the
transistor Q2 is coupled to the input terminal IN- to receive
the signal V2- from the differential amplifier 10 shown in
FIG. 1. As mentioned therebefore, the signal V2+ and the
signal V2- are differential signals. The resistor R1 is
coupled between the transistor Q1 and the variable current
source XI1, and the resistor R2 is coupled to the transistor
Q2 and the variable current source XI2. The control signal
Ctrl_p can control a current value of the current Ip drawn
through the resistor R1 by the variable current source XI1,
and the control signal Ctrl_n can control a current value of
the current In drawn through the resistor R2 by the variable
current source XI2. In other words, the current value of the
current Ip flowing through the resistor R1 is determined by
the control signal Ctrl_p, and the current value of the current
In flowing through the resistor R2 is determined by the
control signal Ctrl_n. In addition, the resistor R1 and the
resistor R2 have the same resistance values. The current
sources 11 and 12 and the variable current sources XI1 and
X12 are only examples, which are not to limit the scope of
the present invention. Any circuit that can provide a fixed
current in the path through the transistor Q1 and Q2 can be
applied to the current sources 11 and 12. Any circuit that can
provide a variable current in the path through the resistors
R1 and R2, is applicable in the variable current sources XI1
and XI2. Besides, the control signals Ctrl_p and Ctrl_n can
be digital signals or analog signals, and the variable current
sources XI1 and XI2 have the same and matched layout. In
several embodiments, each of the variable current sources
X11 and X12 includes a plurality of current sources, wherein
each of the current sources is coupled to a corresponding
resistors R1 and R2 through separate switches, and the
control signals Ctrl_p and Ctrl_n are utilized to control
whether these switches are conducted.

In the amplifier portion P2, the resistor R3 is coupled
between the power supply line VCC and the transistor Q3,
and the resistor R4 is coupled between the power supply line
VCC and the transistor Q4. Transistors Q3 and Q4 have the
same dimension and matching layouts. In addition, the
resistors R3 and R4 have the same resistance values. The
current source 13 is coupled between the transistor Q3 and
the power supply line VEE, and the current source 14 is
coupled to the transistor Q4 and the power supply line
between VEE. The resistors R5 and R6 are connected in
series between the emitter of the transistor Q3 and the
emitter of the transistor Q4, and the resistors R5 and R6 have
the same resistance values. In several embodiments, the
resistors RS and Ré can be integrated into a single resistor.
Please note that the current sources I3 and 14 are only
illustrative examples, and are not to limit the scope of the
present invention. Any circuit that can provide a fixed
current in the path of the transistor Q3 and Q4 can be applied
to the current sources I3 and I4. In this embodiment, the
amplifier portion P2 can be utilized as a common emitter
amplifier circuit (CE amplifier circuit).

In the buffer portion P3, the transistor Q5 is coupled
between the power supply line VCC and an output terminal
OUT-, and the transistor Q6 is coupled between the power
supply line VCC and an output terminal OUT+. The tran-
sistor Q5 and the transistor Q6 have the same dimension and
matching layouts. The current source I5 is coupled between
the output terminal OUT- and the power supply line VEE,
and the current source 16 is coupled between the output
terminal OUT+ and the power supply line VEE. In several
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embodiments, the current source I5 and the current source 16
can draw currents with the same current values from the
transistors Q5 and Q6.

In the differential signal offset adjustment circuit 20, the
base voltage V; of the transistor Q3 and the base voltage
Vg, of the transistor Q4 can be obtained in the following
formula:

Ve3=V2,~Vaz~IpxRxp,

Vpa=V2 SVppo-InxRyp;

wherein, V., represents the base-emitter voltage of the
transistor Q1, and V., represents the base-emitter voltage
of the transistor Q2. In addition, R, represents the resis-
tance values of the resistors R1 and R2. Ip is the current
value flowing through the resistor R1, which is controlled by
the control signal Ctrl_p. Furthermore, In is the current
value flowing through the resistor R2, which is controlled by
the control signal Ctrl_n.

In the differential signal offset adjustment circuit 20, the
emitter voltage V., of the transistor Q3 and the emitter
voltage V., of the transistor Q4 can be obtained in the
following formula:

Ves=Vps=Vpes=V2,~Vpr1=Vapa—IpxRxp,

VEa=Vpa=Vpra=V2 ~Vpro—Vppa—InxRyp;

wherein, V5. is the base-emitter voltage of transistor Q3,
and Vg, is the base-emitter voltage of transistor Q4.

According to the following formula, the current difference
Al between the two emitters of the transistor Q3 and Q4 can
be obtained as:

VEs — Vea =~ —(Ip — In) X Rxp,

Ves = Ve
2XRin

—(p—In)XRxp

Al =
2XRpnv

wherein, R; ;. is the resistance value of the resistors RS
and R6.

According to the current difference Al and the following
formula, an offset voltage Vos between the two collectors of
the transistor Q3 and Q4 can be obtained as:

Vy = VCC ~ (lpigsp — AD) X Ry,
V. = VCC = Upiasyy + AD X Ry,

—(Ip—In)XRxp XR,
Vo=V, —V_ = 2xAIx R, ~ — P IWXRxp xRy
Rev

wherein, R; is the resistance value of the resistors R3 and
R4, Ibiasxp is the current value of the current sources 13 and
14. In addition, V- is the collector voltage of the transistor
Q3, and V+ is the collector voltage of the transistor Q4.

In the differential signal offset adjustment circuit 20, a
gain G is determined by the amplifier portion P2. Based on
the direct current (DC), the base-emitter voltage V5 of the
transistor Q3 is substantially equal to the base-emitter volt-
age Vg, of the transistor Q4. Therefore, the current differ-
ence Al can be obtained by the following formula:

Ves — Vs Vs — Vg

2xRyy  2XRyy

Al =
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According to the current difference Al and the following
formula, the gain G of the differential signal offset adjust-
ment circuit 20 can be obtained:

Vi -V, Vi -V,
Vi - V. = 2XAIX R, n2x 2o Bl yp, = B2 T8
2X Ruwn

XRp;
R
gL VemVo R

Ves — Ve Ruw

Therefore, by adjusting the ratio of the resistance R, (the
resistors R3 and R4) and the resistance R ;,/(the resistors RS
and R6), the gain G of the differential signal offset adjust-
ment circuit 20 can controlled.

As mentioned above, the offset voltage Vos is related to
the currents Ip and In, and the current values of the currents
Ip and In are respectively determined by the variable current
sources XI1 and XI2 controlled according to the control
signals Ctrl_p and Ctrl_n. In several embodiments, the
control signals Ctrl_p and Ctrl_n are provided by the control
circuit 40. In another embodiment, the control signals Ctrl_p
and Ctrl_n are provided by other circuits. In several embodi-
ments, the control signals Ctrl_p and Ctrl_n are provided by
a user. The offset voltage Vos can be utilized as a voltage
difference between the cross point XP of the signal V3+ and
the signal V3- and the common mode voltage Vem. In
several embodiments, the common mode voltage Vem is an
average voltage of the power supply line VCC and the power
supply line VEE; that is, Vem=(VCC+VEE)/2.

FIG. 3A shows an eye diagram of the output signals V3+
and V3- of the differential signal offset adjustment circuit 20
according to several embodiments of the present invention.
In FIG. 3A, the control signals Ctrl_p and Ctr]l_n can control
the variable current sources XI1 and X12, so that the current
value I_P1 of the current Ip is equal to the current value
1_N1 of the current In (that is, [_P1=I_N1). Therefore, the
cross point XP1 of the signal V3+ and the signal V3- can be
equal to the common mode voltage Vem. Therefore, when
the current values I_P1 and I_N1 are the same, there is no
offset voltage Vos between the cross point XP and the
common mode voltage Vem. The period during maintaining
the signal V3+ at the voltage of the power supply line VCC
is E1. In several embodiments, for an operating circuit as a
next stage to the differential signal offset adjustment circuit
20, the period E1 means the optimal sampling period of the
signal V3+.

When the current value I_P1 of the current Ip is equal to
the current value I_N1 of the current In, and the cross point
XP1 of the signal V3+ and the signal V3- is not equal to the
common mode voltage Vem, the differential signal offset
adjustment circuit 20 has an offset. As mentioned therebe-
fore, the offset is an error caused by the physical design of
the circuit or manufacturing process deviation. Therefore, in
several embodiments, with adjusting the current value of the
currents Ip and In by using the control signals Ctrl_p and
Ctrl_n, the cross point of the control signal V3+ and the
signal V3- can be equal to the common mode voltage Vem.

FIG. 3B shows the eye diagram of the output signals V3+
and V3- of the differential signal offset adjustment circuit 20
according to several embodiments of the present invention.
In FIG. 3B, the control signals Ctrl_p and Ctrl_n can control
the variable current sources XI1 and X12, so that the current
value I_P2 of'the current Ip can be less than the current value
1_N2 of the current In; that is, I_P2<I_N2. Therefore, the
cross point XP2 of the signal V3+ and the signal V3- can be
higher than the common mode voltage Vem. Therefore,
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there is a positive offset voltage Vosl between the cross
point XP and the common mode voltage Vem; that s,
Vos1>0. In addition, the period during maintaining the
signal V3+ at the voltage of the power supply line VCC is
E2, and E2>E1.

FIG. 3C shows the eye diagram of the output signals V3+
and V3- of the differential signal offset adjustment circuit 20
according to several embodiments of the present invention.
In FIG. 3C, the control signals Ctrl_p and Ctrl_n can control
the variable current sources XI1 and X1I2, so that the current
value I_P3 of'the current Ip can be less than the current value
1_N3 of the current; that is, I_P3<I_N3. Therefore, the cross
point XP3 of the signal V3+ and the signal V3- can be
higher than the common mode voltage Vem. For the current
Ip, the current value 1_P2 in FIG. 3B is lower than the
current value I_P3 in FIG. 3C; that is, I_P2<I_P3. Further-
more, for the current In, the current value I_N2 in FIG. 3B
is higher than the current value I_N3 in FIG. 3C; that is,
I_N2>I_N3. The cross point XP and the common mode
voltage Vem have a positive offset voltage Vos2, and the
offset voltage Vos2 is lower than the offset voltage Vos1 of
FIG. 3B; that is, Vos1>Vo0s2>0. The period during main-
taining the signal V3+ at the voltage of the power supply line
VCC is E3, and the period E3 is longer than the period E1
and shorter than the period E2; that is, E2> E3>FE1.

When the control signals Ctrl_p and Ctrl_n of the differ-
ential signal offset adjustment circuit 20 are switched from
the state of FIG. 3B to the state of FIG. 3C, the current Ip
increases according to a first function, and the current In
decreases according to a second function. Conversely, when
the control signals Ctrl_p and Ctrl_n of the differential signal
offset adjustment circuit 20 are switched from the state of
FIG. 3C to the state of FIG. 3B, the current Ip decreases
according to the second function, and the current In
increases according to the first function. The parameters of
the first function and the second function can be adjusted
according to the application requirement of the differential
signal offset adjustment circuit 20. The parameters of the
first function and the second function are stored in the
control circuit 40. Therefore, according to the measured
signals V3+ and V3-, the corresponding control signals
Ctrl_p and Ctrl_n are provided via the first function and the
second function, or a look-up table, to the variable current
sources XI1 and X12 of the differential signal offset adjust-
ment circuit 20, to adjust the level of the cross point of the
signals V3+ and V3- T; that is, the control signals Ctrl_p and
Ctrl_n can control the offset voltage Vos of the differential
signal offset adjustment circuit 20.

FIG. 3D shows the eye diagram of the output signals V3+
and V3- of the differential signal offset adjustment circuit 20
according to several embodiments of the present invention.
In FIG. 3D, the control signals Ctrl_p and Ctr]l_n can control
the variable current sources XI1 and X1I2, so that the current
value 1_P4 of the current Ip can be higher than the current
value I_N4 of the current In; that is, I_P4>I_N4. Therefore,
the cross point XP4 of the signals V3+ and the signal V3-
can be lower than the common mode voltage Vem. There is
a negative offset voltage Vos3 between the cross point XP
and the common mode voltage Vem; that is, Vos3<0. For the
current Ip, the current value I_P4 in FIG. 3D is higher than
the current value 1_P3 in FIG. 3C; that is, I_P4>1_P3.
Furthermore, for the current In, the current value 1_N4 in
FIG. 3D is lower than the current value I_N3 in FIG. 3C; that
is, I_N4<I_N3. When the control signals Ctrl_p and Ctrl_n
of the differential signal offset adjustment circuit 20 are
switched from the state of FIG. 3C to the state of FIG. 3D,
the current Ip increases according to the first function, and

20

25

30

40

45

8

the current In decreases according to the second function.
Conversely, when the control signals Ctrl_p and Ctrl_n of
the differential signal offset adjustment circuit 20 are
switched from the state of FIG. 3D to the state of FIG. 3C,
the current Ip decreases according to the second function,
and the current In increases according to the first function.
The period during maintaining the signal V3+ at the voltage
of'the power supply line VCC is E4, and the period E4 is less
than the period E1 of the first mode; that is, E4<E1.

FIG. 3E shows the eye diagram of the output signals V3+
and V3- of the differential signal offset adjustment circuit 20
according to several embodiments of the present invention.
In FIG. 3E, the control signals Ctrl_p and Ctrl_n can control
the variable current sources XI1 and X12, so that the current
value 1_P5 of the current Ip can be higher than the current
value I_NS5 of the current In; that is, I_P5>I_NS5. Therefore,
the cross point XP5 of the signals V3+ and V3- can be lower
than the common mode voltage Vem. There is a negative
offset voltage Vos4 between the cross point XP and the
common mode voltage Vem; that is, Vos4<0. For the current
Ip, the current value I_P5 in FIG. 3E is higher than the
current value I_P4 in FIG. 3D; that is, I_P5>I_P4. Further-
more, for the current In, the current value I_N5 in FIG. 3E
is lower than the current value I_N4 in FIG. 3E; that is,
1_N5<I_N4. When the control signals Ctrl_p and Ctrl_n of
the differential signal offset adjustment circuit 20 are
switched from the state of FIG. 3D to the state of FIG. 3E,
the current Ip increases according to the first function, and
the current In decreases according to the second function.
Conversely, when the control signals Ctrl_p and Ctrl_n of
the differential signal offset adjustment circuit 20 are
switched from the state of FIG. 3E to the state of FIG. 3D,
the current Ip decreases according to the second function,
and the current In increases according to the first function.
The period during maintaining the signal V3+ at the voltage
of'the power supply line VCC is E5, and the period E5 is less
than the period E1 in the first mode and the period E4 in the
fourth mode, and ES5<E4<E1.

In several embodiments, the differential signal offset
adjustment circuit 20 can be integrated in the differential
circuit, such as an amplifier, driver or buffer, etc., as shown
in FIG. 4. FIG. 4 shows a differential signal offset adjust-
ment circuit according to several embodiments of the pres-
ent invention. In FIG. 4, the differential circuit 200 includes
a differential signal offset adjustment circuit 20 and a
pre-circuit portion P5. The pre-circuit portion P5 includes
transistors Q7 and Q8, resistors R7 and R8, and current
source 17. The resistor R7 is coupled between the power
supply line VCC and the transistor Q7, and the resistor R8
is coupled to the power supply line VCC and the transistor
Q8. The transistor Q7 is coupled between the resistor R7 and
the current source 17, and the base of the transistor Q7 is
coupled to the input terminal IN+. The transistor Q8 is
coupled between the resistor R8 and the current source 17,
and the base of the transistor Q8 is coupled to the input
terminal IN-. In several embodiments, the pre-circuit por-
tion P5 is disposed in a previous stage circuit of the
differential signal offset adjustment circuit 20, such as the
differential amplifier 10 in FIG. 1. In addition, the differen-
tial circuit 200 is just an illustrative example, not to limit the
scope of the present invention.

Compared with prior circuits that require an operational
amplifier for offset adjustment, the differential signal offset
adjustment circuit 20 only needs the variable current sources
X11 and XI2 to change the currents Ip and In, to adjust the
offset of the output signal. Therefore, compared with the
non-linear adjustment of the operational amplifier in the
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prior circuits, the differential signal offset adjustment circuit
20 can linearly adjust the differential signal offset. In addi-
tion, because the variable current sources XI1 and XI2 need
fewer components or smaller sizes, the area of the overall
circuit can be reduced. In the layout of the present invention,
jitter or noise caused by mismatch can be avoided. Further-
more, the differential signal offset adjustment circuit 20 uses
the reference current generated by the bandgap circuit for
adjustment, which can avoid problems caused by corner
effects.

The present invention has been described in considerable
detail with reference to certain preferred embodiments
thereof. It should be understood that the description is for
illustrative purpose, not for limiting the scope of the present
invention. An embodiment or a claim of the present inven-
tion does not need to achieve all the objectives or advantages
of the present invention. The title and abstract are provided
for assisting searches but not for limiting the scope of the
present invention. Those skilled in this art can readily
conceive variations and modifications within the spirit of the
present invention.

What is claimed is:

1. A differential signal offset adjustment circuit, compris-
ing:

a first current source, a second current source, a third
current source, a fourth current source, a fifth current
source, and a sixth current source;

a first transistor, coupled between a power supply line and
the first current source, the transistor including an input
terminal for receiving a first input signal;

a second transistor, coupled between the power supply
line and the second current source, the second transistor
including an input terminal for receiving a second input
signal, wherein the first and second input signals have
the same amplitudes and opposite phases;

a first variable current source and a second variable
current source;

a first resistor, coupled between the first transistor and the
first variable current source;

a second resistor, coupled between the second transistor
and the second variable current source;

a third resistor, coupled between the power supply line
and the third current source;

a fourth resistor, coupled between the power supply line
and the fourth current source;

a third transistor, coupled between the third resistor and
the third current source, the third transistor including an
input terminal coupled to the first resistor and the first
variable current source;

a fourth transistor, coupled between the fourth resistor and
the fourth current source, the fourth transistor including
an input terminal coupled to the second resistor and the
second variable current source;

a fifth transistor, coupled between the power supply line
and the fifth current source, to provide a first output
signal, the fifth transistor including an input terminal
coupled to the third resistor and the third transistor;

a sixth transistor, coupled between the power supply line
and the sixth current source, for providing a second
output signal, and the sixth transistor including an input
terminal coupled to the fourth resistor and the fourth
transistor; and

at least one fifth resistor, coupled between the third
current source and the fourth current source.

2. The differential signal offset adjustment circuit of claim

1, wherein the first variable current source provides a first
variable current according to a first control signal, and the

10

15

20

25

30

35

40

45

50

55

60

65

10

second variable current source provides a second variable
current according to a second variable current.

3. The differential signal offset adjustment circuit of claim

2, wherein a cross point of the first output signal and the
second output signal is determined by the first variable
current and the second variable current, wherein the first
variable current and the second variable current have dif-
ferent current values.

4. The differential signal offset adjustment circuit of claim

1, wherein the current value provided by the first variable
current source, is different from the current value provided
by the second variable current source.

5. The differential signal offset adjustment circuit of claim

1, wherein the first current source and the second current
source provide the same current values, the third current
source and the fourth current source provide the same
current values, and the fifth current source and the sixth
current source provide the same current values.

6. The differential signal offset adjustment circuit of claim

1, wherein the first to sixth transistors are bipolar transistors
or field effect transistors.

7. The differential signal offset adjustment circuit of claim

1, wherein when the current value of the first variable
current source is lower than the current value of the second
variable current source, the cross point of the first output
signal and the second output signal is higher than a common
mode voltage of the differential signal offset adjustment
circuit; or when the current value of the first variable current
source is higher than the current value of the second variable
current source, the cross point of the first output signal and
the second output signal is lower than the common mode
voltage.

8. The differential signal offset adjustment circuit of claim

1, wherein the first resistor and the second resistor have the
same resistance values, the third resistor and the fourth
resistor have the same resistance value.

9. The differential signal offset adjustment circuit of claim

1, wherein the first transistor and the second transistor have
the same dimension, the third transistor and the fourth
transistor have the same dimension, and the fifth transistor
and the sixth transistor have the same dimension.

10. A differential system, comprising:

a differential amplifier, for generating a second differen-
tial signal pair according to a first differential signal
pair;

a differential signal offset adjustment circuit, for gener-
ating a third differential signal pair according to the
second differential signal pair, wherein the differential
signal offset adjustment circuit includes a first transis-
tor, a second transistor, a first resistor, a second resistor,
a first variable current source and a second variable
current source, wherein the first resistor is coupled
between the first transistor and the first variable current
source, and the second resistor is coupled between the
second transistor and the second variable current
source; and

a control circuit, for detecting a cross point of the third
differential signal pair, and providing a first control
signal and a second control signal to the differential
signal offset adjustment circuit according to the
detected cross point, to adjust the cross point of the
third differential signal pair;

wherein the first variable current source provides a first
variable current according to the first control signal,
and the second variable current source provides a
second variable current according to the second control

signal.
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11. The differential system, comprising:

a differential amplifier, for generating a second differen-
tial signal pair according to a first differential signal
pair;

a differential signal offset adjustment circuit, for gener-
ating a third differential signal pair according to the
second differential signal pair, wherein the differential
signal offset adjustment circuit includes a first variable
current source and a second variable current source;
and

a control circuit, for detecting a cross point of the third
differential signal pair, and providing a first control
signal and a second control signal to the differential
signal offset adjustment circuit according to the
detected cross point, to adjust the cross point of the
third differential signal pair;

wherein the first variable current source provides a first
variable current according to the first control signal,
and the second variable current source provides a
second variable current according to the second control
signal;

wherein the differential signal offset adjustment circuit
further includes:

a first current source, a second current source, a third
current source, a fourth current source, a fifth current
source, and a sixth current source;

a first transistor, coupled between a power supply line and
the first current source, and including an input terminal
for receiving a first input signal;

a second transistor, coupled between the power supply
line and the second current source, and including an
input terminal for receiving a second input signal,
wherein the first input signal and the second input
signal are complementary with the same amplitudes
and opposite phases;

a first resistor, coupled between the first transistor and the
first variable current source;

a second resistor, coupled between the second transistor
and the second variable current source;

a third resistor, coupled between the power supply line
and the third current source;

a fourth resistor, coupled between the power supply line
and the fourth current source;

a third transistor, coupled between the third resistor and
the third current source, and including an input terminal
coupled to the first resistor;

a fourth transistor, coupled between the fourth resistor and
the fourth current source, and including an input ter-
minal coupled to the second resistor;

a fifth transistor, coupled between the power supply line
and the fifth current source, to provide one of the third
differential signal pair, and including an input terminal
coupled to the third resistor;

a sixth transistor, coupled between the power supply line
and the sixth current source, to provide the other of the
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third differential signal pair, and including an input
terminal coupled to the fourth resistor; and

at least one fifth resistor, coupled between the third

current source and the fourth current source.

12. The differential system of claim 11, comprising:

a bandgap circuit, for providing a bias current to the

differential signal offset adjustment circuit;
wherein, the currents of the first to sixth current sources
are generated by mirroring the bias current; and

wherein, the first variable current of the first variable
current source is generated by mirroring the bias cur-
rent and adjusted by the first control signal, and the
second variable current of the second variable current
source is generated by mirroring the bias current and
adjusted by the second control signal.

13. The differential system of claim 12, wherein the cross
point of the third differential signal pair is determined by the
first variable current and the second variable current,
wherein the first variable current and the second variable
current have different current values.

14. The differential system of claim 12, wherein the first
to fifth resistors and the resistance in the bandgap circuit are
made of the same materials.

15. The differential system of claim 11, wherein the first
current source and the second current source provide the
same current values, the third current source and the fourth
current source provide the same current values, and the fifth
current source and the sixth current source provide the same
current values.

16. The differential system of claim 11, wherein the first
to sixth transistors are bipolar transistors or field effect
transistors.

17. The differential system of claim 11, wherein when the
current value of the first variable current source is lower than
the current value of the second variable current source, the
cross point of the third differential signal pair is higher than
a common mode voltage of the differential signal offset
adjustment circuit; or when the current value of the first
variable current source is higher than the current value of the
second variable current source, the cross point of the third
differential signal pair is lower than the common mode
voltage.

18. The differential system of claim 11, wherein the first
resistor and the second resistor have the same resistance
value, and the third resistor and the fourth resistor have the
same resistance values.

19. The differential system of claim 11, wherein the first
transistor and the second transistor have the same dimen-
sion, the third transistor and the fourth transistor have the
same dimension, and the fifth transistor and the fifth tran-
sistor have the same dimension.

20. The differential system of claim 10, wherein the first
variable current and the second variable current have dif-
ferent current values.



